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Forecasting Prices and Excess Returns
in the Housing Market

Karl E. Case* and Robert .J. Shiller**

The paper uses quarterly indexes of existing single-
family home prices estimated with microdata on proper-
ties that sold more than once to estimate excess returns
to invesunent in owner-occupied housing. Housing
prices and excess returns are estimated over the period
1970:1 to 1986:3 for four cities: Atlanta, Chicago, Dallas
and San Francisco. Using time-series cross-section
regressions the paper tests for the forecastability of
prices and excess returns using a number of independ-
ent variables. Price changes in one year tend to
continue for more than one vear in the same direction.
The ratio of construction costs to price, changes in the
adult population and increases in real per capita
income all are positively related to excess retwrns or
price changes over the subsequent year. The results add

weight to the argument that the market for single-
family homes is inefficient.

In an earlier paper (4] we performed weak-form tests of the
efficiency of the market for single-family homes. The tests were
based on a set of price indexes constructed from microdata on
nearly 40,000 homes that were sold more than once during the
period 1970-1986 in four metropolitan areas: Atlanta, Chicago,
Dallas, and San Francisco (Alameda County).

In that paper we found evidance of positive serial correlation
in real housing prices. A change in the log real price index in a
given year and a given city tends to be followed by a change in
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the same direction the following year between 25% and 50% as
large. We also found evidence of inertia in a crude measure of
excess returns estimated for each of the four metropolitan areas.

This paper takes the analysis several steps further. First, we
construct a more detailed estimate of excess returns to invest-
ment in single-family homes in each of the four cities that is
sensitive to changes in the market value of housing services and
to changes in marginal personal income tax rates. Second, we
perform strong-form efficiency tests by exploring the forecast-

ability of excess returns and house prices with a number of
forecasting variables.

THE WRS INDEX

The biggest problem faced by enalysts of the residential real
estate market is a lack of good time-series on house prices. The
most commonly used series is the National Association of
Realtors’ “median price of existing single family homes.” While
the NAR generates this series for a large number of metropolitan
areas quarterly and for the U.S. as a whole monthly, they are not
useful for our purposes. First, they are only available since 1981.
Second, changes in the median home price in an area depend
both on changes in house prices and on changes in the mix of
homes that happens to sell.

In another earlier piece (5} we discuss the problems associated
with the NAR data and construct an alternative based on
microdata using a technique that we call the Weighted Repeat
Sales (WRS) method. The method used is a modification of one
first proposed by Bailey, Muth and Nourse (2] (hereafter BMN).
The method uses observations on individual houses that sold
more than once during the sample period.! Specifically, the
change in log price for each observation is regressed on a set of
simple dummy variables. The dummys are set to —1 for the
period of the first sale and to +1 for the period of the second sale
and to 0 otherwise. The resulting coefficients are the values of the
log price index (WRS,) Baily, Muth and Nourse argued that if
individual log-house price changes differed from the city-wide log
house price changes by an independent, identically distributed
noise term, the BMN method produces the best linear unbiased
estimate of the city-wide log price index.

'The use of repeat sales of the same asset in index construction is now widely
used and has been tested. See. for example. Goeumann {9] and Webb [16].
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[n our earlier piece we argue that the house-specific component
of the change in log price is not likely to be homoscedastic, but
that the variance of the error is likely to increase with the

interval between sales. Specifically we assumed that the log price
P, of the i1th house at time ¢ is:

P,=C+H,+N, (1)

where C, is the log of the city-wide level of housing prices at time
t, H, is a Gaussian random walk (where A H, has zero mean and
variance g,’) that is uncorrelated with C; and Hj; for all T and
i=j, and N, is an identically distributed normal noise term
(which has zero mean and variance ¢,?) and is uncorrelated with
Cr and H for all j and T and with N; unless i=j and t=T.

In equation (1) N, represents the truly random component of
sales prices around true value resulting from random events in
the search process, the behavior of real estate agents and other
imperfections. H, represents the individual drift in house value
through time.

These assumptions led us to a three step weighted (generalised)
least squares procedure. The BMN procedure was followed
precisely in the first step, and the residuals were stored. The
squared residuals from the first step regression were then used as
the dependent variable in a second step with a constant term and
the time interval between sales on the right hand side.? The
constant term is the estimate of 6 and the coefficient on the
time variable is the estimate of o, In the third step, the first step
was repeated after first dividing each observation by the square
root of the fitted value in the second stage regression.

The above procedure was used to create two log price indexes,
WRS, and WRS,. In each city, houses were randomly allocated
to two samples, a and b, each with half the available observ-
ations, and the price indexes were estimated separately with
these samples. In our regression results below, WRS, was used
for left-hand (dependent) variables. and WRS, was used for
right-hand (independent) variables. This method was adopted as

*Observations in which the time interval between sales is larger are likely to
have larger errors. As a result, we used a weighted regression that down-
weighted the observations corresponding to large time intervals. As we
mentioned in the text, the regression wastun separately for each quarter using
only information available in that quarter. For earlier quarters that meant that
the coefficients were calculated with only a small number of observations. In
instances where the estimated coefficient of the interval between sales has the
wrong sign, it was set to zero, and the procedure reduces to OLS in step three.
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a simple expedient to prevent the same measurement error
from contaminating both sides of the equation; see Case and
Shiller [4].

ESTIMATING EXCESS RETURNS

Two basic approaches were taken to estimating excess returns.
The key components of each are a measure of annual imputed
rent (the “dividend”) and an estimate of the capital gain earned
during the four quarters prior to each observation. The first
approach assumes that the home is bought outright, no lever-
aging. The second assumes the purchase is financed with an 80%
mortgage. Both are after-tax rates of return, and they assume
that neither capital gains nor imputed rent are taxed. These
calculations are similar to previous estimates of excess returns to
housing. See especially Hendershott and Hu [11].

EXCESS, =
exp(WRS,_)* PRICE10+ RENTINDEX,. *RENT10- MAINT

exp(WRS,.)*PRICE0 2
~1-MTR,.)*PTAX,., -11-MTR,. Y*TBILL,_ /100

EXCESS =

exp(WRS,.)*PRICETI0+ RENTINDEX,. *RENT70—- MAINT
0.2"exp(WRS,.)*PRICET0 (3)
~{(1-MTR,.)*(PTAX,.,+ NMTG,.,*0.8)})/0.2
-5—(1-MTR,.)*TBILL,. /100

The- WRS index is defined above, and RENTINDEX, PTAX,
MTR, NMTG and MAINT are defined in Table 1 and discussed
below. Of critical importance are PRICET0, the :base period
house price, and RENTT0, the base period value for imputed rent.
The derivation of PRICET0 and RENTT0 is shown in Table 2.
The baseline house price is assumed to be the median value of
owner. occupied  units from the 1970 Census. The figures are
available separately for each of the four SMSA's. For the
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TABLE 1

Data Used to Construct Excess Returns

All Variables are Quarterly 1970:1 to 1986:2

Code Senes Sourcc
RENT CPI-RESIDENTIAL BLS—Monthiy Labor Review
INDEX RENT INDEX sduwsted to cstwmate mud-
{F-X each metro aru\) quarter
NMTC EFFECTIVE MORTCAGE Federal Reserve System—
RATE —EXISTING HOMES Data Resources int.
{CONVENTIONAY
PTAX EFFECTIVE PROPERTY Constructed from Census
TAX RATE—Redential of Covernments and studucs
{For each metro JR;) by the Distrct of Columbu
a3 reported anowally in the
Statistical Abstract of the
Uruted Statcs
TBILL INTEREST RATE ON 90 Economic Report of the
DAY TREASURY BILLS President
MTR MARCINAL INDIVIDUAL joint Center for Housng
INCOME TAX RATE FOR Studies. Harvard University
MEDIAN HOME BUYERS Provided by D. Dipasquale
(Annual) and W. Apgar
MAINT EXPENDITURES ON Based on caleulations
MAINTENANCE AND in {121 See endnoxes.
REPAIRS

g;da?eda County series, we used the San Francisco/Oakland
A.

Estimating baseline imputed rent was not as easy. While
median contract rent (which excludes utility payments) is avail-
able for each SMSA, rental units on average are smaller and of
lower quality than owner-occupied units. Thus, median rent will
understate the market value of the housing services generated by
the median owner-occupied house. A rough correction was thus
made to rent based on the humber of rooms. The Census has data
on the median number of rooms in renter-occupied and owner-
occupied housing units and the median rent for each city was
simply stepped up in proportion to the larger number of rooms in
owner-occupied units.

The right hand column in Table 2A shows the estimated
baseline annual rent as a fraction of the median home value.
Compared to the average dividend price ratio on common stocks,
those numbers look high. but they are not unreasonable.
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TABLE 2
A. Baseline Housing Prices and Rent Levels: 1970

(e < +30 o

(PRICE0 (RENT70

Medun Value Contract Estimated
Ownet-accupied Rent Step-up Annual Qe
Cuy Housmg Unity'  (Monchly) Facor Rent Retum
Atlants 19.500 98 130 1764 0.039
Chacago 24.300 1o 140 1942 0.080
Dallas le.o® 110 130 1848 oin
San Fran 26900 130 13¢ 2424 0.090

BMedian Number of Rooms: 1970

(483 2 e

Ownerocounied  Reneer-cacupved Step-up

City Units Unas Factor
Atlanta (XAl <0 MRS
Chacago iz 40 130
Dallas ic 40 140
San Fran 3é 5¢ 136

*Sourves: LS. Dopartment of Commerce. Socsat and Economuc Scatistics Admunustration. Burcau of the Census.

1970 Census of Housing. Vol 2. Parts 7. 12 13 35, Tables i and 14. Dats are for Standaed Metropolitan
Statistical Arcas.
“Step-up factor based on Part 8 cciow.

The only time-series on rent available on a consistent basis for
specific metropolitan areas is the “residential rent” component of
the Consumer Price Index produced by the Bureau of Labor
Statistics. This series was used for the quarterly updates to the
base rent value for each city. In constructing the index, the BLS
repeatedly surveys the same units from year to vear to control for
quality. A number. of authots, including Lowry {13], Apgar (1],
and -DiPasquale and Wheaton [7] have criticized the index
because it ignores the depreciation that takes pace over time and
thus tends to underestimate the level of rents'controlling for unit
quality. Some of the observed decline in real rents observed
during the 1970s can be attributed to this downward bias. The
BLS last year acknowledged the problem and introduced a
correction into the index beginning in 1988, However, no changes
were made in the historical series. Some of the authors critical of
the series have suggested increasing rents annually from 0.5% to
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0.9% (see again Lowry {13]. Apgar (1] and DiPasquale and
Wheaton (7).

For purposes of constructing an index of returns to home-
owners, the index that fails to adjust for depreciation is the
appropniate one. [t is reasonable to assume that owner-occupied
housing depreciates physically over time at about the same rate
as rental housing with appropriate expenditures on maintenance
and repair. The WRS index discussed above is based on repeat
sales of the same unit. An individual homeowner will find that
the market value of the housing services that he/she consumnes
declines slightly with the age of the unit as will the market value
of the unit itself. Since this small decline is part of the net yield
to owners, we do not adjust the BLS rent index nor do we attempt
to wash depreciation out of our WRS index for purposes of
estimating excess returns to investment.

Clearly, the decision to invest in owner-occupied housing is
likely to be influenced by the tax creatment of its yield. This has
changed in complicated ways over time. First of all, net imputed
rent has never been subject to taxation. Second, property tax

payments and mortgage interest payments have always been -

deductible. The value of a deduction. of course, depends on the
taxpayer's marginal tax rate.

The recent tax acts, specifically ERTA in 1981 and the Tax
Reform Act of 1986, have changed the tax system in fairly
dramatic ways. The change that has had the most significant
direct effect on owner-occupied housing has been the sharp
decline in marginal tax rates, particularly at the top end.

The most significant indirect effect has come through the
dramatic changes in depreciation rules, the ITC, and changes in
passive loss rules that worked in favor of rental housing during
the early 1980s.and against it in the late 1980s.

The marginal tax rate series used was .constructed by
researchers at the joint Center for housing Studies at Harvard. It
was constructed by looking at the income .profile of. first-time
homebuyers and calculating the average marginal rate, given the
laws in effect in each year for that group. The argument for using
first-time homebuyers is that they can be thought of as the

“marginal” investors. Those with higher incomes face hxg_her
marginal rates and will eamn higher excess returns. Higher tax
rates mean a lower opportunity cost of capital and lower net
property taxes and mortgage payments.

Finally, a rough measure of maintenance and repair expen-
ditures was included in the calculations. Based on average
maintenance and repair expenditure per property for one unit
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properties with owner-occupants, these were assumed to be a
constant 2.5% of value.

Excess Returns: 1970-86

Tables 3 and 4 present the calculations for -excess returns
to investment in owner-occupied housing (EXCESS, and
EXCESS,). Table 3 presents the figures assuming that the
property was purchased outright (EXCESS,). Table 4 assumes
that the investment was leveraged with an 80% mortgage at the
going rate of interest (EXCESS,).

The tables confirm the conventional wisdom and earlier
research that “the extraordinary returns earned on owner
occupied housing were enormous™ (11] throughout the decade of
the 1970s in all cities.* It should be kept in mind that these
estimates are fairly conservation. The marginal income téx rate
series and the rent price index both are, if anything, downward
biased. only the baseline imputed rent figure is at all suspect, and

it could be halved and these series would show “extraordinary
excess returns.

As expected the highest returns are achieved in California and
Texas during their respective price booms. The Dallas boom
occurred in 1977-79, while the California boom was longer,
starting in 1976 and running into early 1980. In both Dallas and
Oakland, leveraged returns of over 100% per year were achieved
during those years. Home owners in Chicago and Atlanta also
did extremely well during the 1970s. -

3Each year, the Joint Center for Housing Studies of Harvard University
prepares a detailed report on housing costs. The initial report (12] was written
by H. James Brown and Karl Case and contains a 20-year series (1963-83) on
maintenance and repair expenditures, insurance and utilities. The maintenance
and repair component was based on average maintenance and repair expen-
diture per property for one unit properties with owner occupants-updated
annually-with the BLS “Residential Maintenance and Repair Costs” component
of the CPL The base figures come from Construction Reports, the Census C-50
series. Maintenance and repair seems to have been a remarkably constant
percent of value over time. Thus,a constant percent of value was dedicted from
the calculation of excess returns.

‘Whether investment in housing was an exceptional investment ex ante depends
in part on the size of the required risk premium. Given that housing values had
not suffered a significant period of decline since the early 1960s, it is hard to
believe that single-family housing was considered risky because of fear of price
decline. However, given that transactions costs are high. that family circum-
stances can change unexpectedly (divorce or job loss) and finally that home
sales move sharply with the cycle, making selling difficult at certain periods,
there is clearly some risk associated with the decision to buy.
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TABLE 3

Estimated Excess Returns for Four Quarters Ending in Each Quarter:
1971-1986
(EXCESS,—No Leverage)

Year

Atlna Chicago Dallas Oaklind

1970.1

1970.2

19708

1970.4 . .

19711 ao1 004 007 06c
19712 [ 0.00 0.086 008
19713 0.13 001 007 0.12
19714 002 005 0.14 004
19721 0.10 0.06 0.lc 068
19722 007 008 0.03 0.09
19723 008 007 0.03 007
19724 007 0.09 bos 009
1973 1 007 0.10 0.0c 008
1973.2 0.1¢ 009 0.14 004
19733 0.10 0.06 0.13 0.13
19754 0.1} 0.07 000 012
19741 0.0S 007 0.0% 0.13
19742 007 0.06 (VS 0153
19743 006 ' 0.04 001 007
19744 Qo8 0.03 0.08 009
1975.1 001 003 008 0.10
1975.2 - 805§ 0.0} Qoc 008
19753 ~001 002 0.03 0.09
19754 -007 0.05 000 009
19761 aee 0.07 (J o1
19762 a0 o008 002 Q.13
19763 -005 0.08 0.03 ald
19764 002 007 005 0.18
1977.1 004 009 013 02
1977.2 o0 0.10 Q.13 029
19723 00b 0.11 el 031
19774 001 0.15 Q.19 027
199781 006 017 Q.19 0
19782 acs 0.17 oW 014
19783 004 017 010 008
19784 007 0.14 o o1l
19791 010 0.10 028 00c
1979.2 0.2 006 010 Q.13
19793 017 0.5 0.2! 012
1979.4 0.8 003 .13 0.1}
19%0,1 0.09 -002 0.10 o
19802 007 -005 0.12 0.14
19803 00§ ~0.05 0.10 0.11
1980.4 000 -009 0.10 0.10
1981.1 000 —-0.08 oQS occ
19812 003 -003 60: 00
19813 0ot -003 002 Q02

1931.4 -002 -0.09 —-00:3 -Q07
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Table 3 (cont.)

Year Atlanea Chacago Dallas Oakland
198621 - 0058 -0t -002 -o.11
19821 -0.0c -9.13 -00L -009
19823 - 003 -0.08 -002 -0.12
19624 000 -003 001 ~005
1983.1 -0 -0 -001 -008
19832 cog -9001 00! -008
19813 QoL -001 04: -o00!t
1963 4 001 -005 0.04 000
1984.1 0.04 -00) 005 002
19842 002 -002 0.04 -001
19843 00! - o 002 -001
1964.4 005 -003 004 0.00
1985.1 00} -o002 0.03 000
19852 003 -00 00! 002
19853 002 -001 -00! 004
19654 001 0.00 ©.00 004
1966.1 004 009 001 0.05
Average o00 000 Q09 0.00
TABLE 4

Estimated Excess Returns for Four Quarters Ending in Each Quarter:
1971-1986
(EXCESS,)—Assuming 80% Mortgage)

Year Alanta Cwago Dallas Oaldand
1970.1

19702

19703

1970.4 . . . .
19711 029, 0\c 030 0.5
19712 017 -0.0c Qs 037
19713 0.00 001 0.2c 033
1971.4 0.00 O.lc 0.c0 0.08
19724 39 0.1¢ Ocs 028
19722 02¢ 030 0o 03}
19723 0.13 013 0.18 029
19724 . 022 032 018 o3
1973.1 0120 033 o1 Q2
19732 0%c 033 o 02

19733 o 0.5 .53 X3
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Table 4 (cont.)

Yeac

Atlanta Owaago Dallas Oakland
19734 0.48 0.27 —0.08 030
1974.1 031 0.50 031 0%
1974.2 030 0.2 0.15 03¢
19743 030 021 0.0c 038
19734 037 012 038 045
1973.1 -00t 011 0.19 0.4
1975.2 -0.13 014 0.27 042
19753 -007 0.08 024 0.43
1975.4 -0.40 021 0.26 0.41
19761 -o.12 024 -0.0! 047
19762 ~-0.13 028 -0 0c2
19763 =033 0351 007 007
19764 -001 0.24 "0.08 0.77
1977.1 0.06 o - ost 109
1977.2 004 0.40 L3 134
19773 0.19 0.43 038 142
1972.4 -006 064 0.80 120
1976.1 0.19 070 0.84 0.85
19782 0.14 0.74 0.67 013
19785 0.1t 0.73 0.90 028
1978.4 0.2? 039 Q.97 o4
1979.1 043 0.5 1.18 0.3
19792 033 030 092 057
19793 076 015 0.9% 07
1979.4 0.77 o1 0.cl Ocd
1939.1 040 -0.13 047 LN
1980.2 033 -030 03¢ 004
19603 020 -03 0.3 053
1920.4 003 -0.43 012 031
1981.4 001 ~041 0.28 (1)
19812 000 -029 0.09 o
19613 -003 -037 0.01 0.00
1961.4 -009 -042 -0.11 —-033
1962.1 -0 -05%5 - Q.08 -034
19822 -026 ~047 -007 -0.41
19823 ‘-027 -0.40 -0.09 —-058
19614 ~0.14 =031 -0.09 -038
1983.1 =02 -0.2 -0.12 ~-045
19632 -Q.11 -0.19 - 006 —-051
19633 -009 -0.21 0.06 -024
19834 -0.14 -0133 001 ~0.18
1984 1 0e -027 8.07 -007
19842 -007 =023 Q.03 -0.1?
19843 -006 -041 001 -0.1¢
1984 4 014 -029 0.10 -0.11
1985.1 002 -021 0.04 -Q0$
19852 007 =0.17 —0.04 002
19853 004 -o.1 -0.10 o1t
19654 -0 —-0.11 —0.14 008
196¢.1 () -o.n -0.10 Qd
Average 0.00 0.00 0.00 050
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Leveraged buyers suffered large percent losses during the early
1980s in every city but Dallas. Chicago had the longest string of
negative returns from 1980-1984.

Several things can be seen in the raw numbers. First it is
somewhat surprising that excess returns of this magnitude could
persist for so long a period of time. In one sense, we now know a
“buy rule” that will consistently earn an extraordinary return:
simply buy housing. The puzzling question is, why didn't housing
prices rise even further and more rapidly during the decade? 1

Second, it is apparent that there is a substantial degree of
positive serial correlation in the data. Positive signs and nega-
tive signs are clumped and there are clear “waves” in the data.
Some of this is, of course, explained by the fact that these are
returns for the previous four quarters presented quarterly so that
the returns periods overlap. In addition. the same pattern would
result if observed inflation consistently outpaced expected in-
flation or vice versa* In our earlier paper (4], however, we
concluded that positive serial correlation goes beyond what is
explained by overlapping intervals. A substantial degree of
quarter-to-quarter noise is still present.

ESTIMATION PROCEDURE

This section attempts to forecast house prices and excess
returns using a set of forecasting variables. The tables below give
time-series cross-section regression results. pooling the four
cities to reduce standard errors of the estimates. Pooling the data
from the four cities can reduce standard errors because it
Increases the number of observations in the regression and also
because it may increase the variance of independent variables by
including cross<city variance. The estimated coefficients are
ordinary least squares estimates f=(X"X)-'X"Y where the vector
Y of observations of the dependent variable equals PO ADAD N
where Y, is the matrix of dependent variables for city i. and the
matrix X of observations of independent variables equals X, X,
X. X/]' where X is the matrix of independent variables for city
t. These are “stacked™ ordinary least squares regressions. effect-
ively ordinary least squares regressions for each city but
constraining all coefficients to be the same across cities. The

*The Livingston inflation survey data suggest that observed inflation indeed

outpaced expected inflation during most of the 1970s while the reverse was true
from 1981-1984.
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estimated standard errors of the estimated coefficients take
account of the overlap in one-year forecasts with quarterly data
using a method of Hansen and Hodrck [10] modified to allow
tume-series cross-section regression. The estimated variance
matrix of estimated coefficients was (X’ X)"'X'SX(X X)-1 and S is
an estimated coveriance matrix of the error terms in the ordinary
least squares regression. In composing S it was assumed that
cov(u,,. u..)=c,L(t,-t.) where u, is the error term for city { at time
t and ¢, equals the sample variance of the residuals. var (Y- XB)

TABLE 5

Data Series Used to Construct Independent Variables
All Variables are Quarterly
1970:1 to 1986:2

Code

Senes Soutce

RENT INDEX CP1-RESIDENTLAL RENT INDEX BLS—Monthly Labor Review,

{For each metro area) adjusted to estimate mid-quarter
o CONSUNER PRICE INDEX BLS—Data Resources, Inc.

AU [TEMS—URBAN
Emep EMPLOYMENT. NON.ACRI. Data Resources. inc.

WAGE AND SALARY Moathly Labor Review

{For eacn mctro ared
INCTOT PERSONAL INCOME Daita Resoueces. Inc.

{For cach mctro aecs) Sunty ot Current Buuness
POP POPULATION Data Resources. Inc.

For cach metro acea) Current Population Survey
AGEL PERCENT Of POPULATION Data Resources. Inc.

BETWEEN 23 AND M Dept. of Commerce. Bureau of

(For each Mctro arcd) the Cerous. “State Population

and Houschold Estimates™

AGE2 PERCENT OF POPULATION Same a3 sbove

BETWEEN 35 AND 44

tFor cacn mctro arcar
ACEPOP NUMBER OF PERSONS BETWEEN (AGe1 + aceyror

25 AND 44

{For cach metro arc)
HSTARTS HOUSINC STARTS SINCLE FAMILY Dets Resources. Inc.

{Foc cach mctro area) Ocpt. of Commerce Senes C-25
CONCOST CONSTRUCTION COST INDEX Engincoring News Record

{For cach metra arca)
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if i=J. and equals the average covariance of contemporaneous
residuals across all pairs of cities if { does not equal j. Thus two
parameters were estimated to compose S. L({-t) equals I-
t1-t2 . [41f t~t. <4. and zero otherwise, so that L(t~t.) is the
degree of overlap between the forecast intervals.
The basic data sources used to construct the forecasting
variables are presented in Table 5.

RESULTS

In discussing the results we will often refer to the “expected”
sign of a coefficient. Of course, if markets are efficient there is no
expected sign: all coefficients should be zero. If, however,
information tends to be incorporated with a lag into housing
prices. then the expected sign of a coefficient may tend to be the
same as the expected effect on housing value of a change in the
variable indicated. ‘

We first observe (Table 6) that price changes show the positive

TABLE 6

Regressions of Change in Log Real Price on Its Lagged Values
Dependent Variable is W2, — We

-7
A" = lag real price index estimated from 4 sample of homest
N =lag real pace index estaruted from & sample of homes:

Regresson No. 1 : 3 3 2
{  Constant 0010 0013 0.015 0018 0013
103N (1218 (1354 (135901 (1361}

S R A 612 - - - 0373
L8035 034N

i and, — -0014 - - - 0093
=010 t=Q9

i onIeng, - — -0.124 —_ -Lhg
(— 10251 (= 1142

S A T - — —_ -Q.110 —0.039

(—0.395) (-0.283

R* 010 0.0cQ o014 0014 0.ic2
Nobs 2 i 197 181 181

Nete: t-statistics (in pacenthescs bake acrount of averlap of obsenvations of dopendent vinsble and
crons-scction time-enics structunc of data. Data are quarterly starting in 1970, fest quarter. Data ond in
19¢¢. «ccond quarter lor cach qity exeept Sun Francisco. where data end in 195, thied quartcr.
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serial correlation at short horizons and negative serial cor-
relation at longer horizons that has been observed for other
assets (Cutler. Poterba and Summers (6]) and that is consistent
with notion of “excess volatility™ in prices. The results show that
if prices once go up in a given year, they tend also to go up the
next year, but by about a third as much.* Moreqver, this upward
movement appears partly to be reversed in succeeding years.
although the negative coefficients are not statistically signi-
ficant.

The Rs in Table 6 are not very high. We sought to improve our
forecasting ability by including the other forecasting variables,
in Table 7. Table § uses the forecasting variables to forecast
excess returns by definition A above (unleveraged), and Table 9
uses them to forecast excess returns by definition B (assuming an
80% mortgage). There was only modest improvement in the R’ for
the price changes. to about a third. The excess returns are more
forecastable since the real interest rate on the alternative asset
which is used to compute the excess return is fairly forecastable.

Columns 1 and 2 in Tables 7. 8 and 9 use all of our forecasting
variables as independent variables. Columns 3 and 4 drop some of
the less significant variables to achieve a simpler forecasting
relation. Column 5 and 6 show some extremely simple forecasting
relations. -

The forecasning variables we consider include two that are
measures of fundamental value relative to price: rent divided by
price and construction cost divided by price. These are analogous
to the dividend-price ratio that has been found to forecast stock
market returns (see for example Shiller {15] and Fama and
French (8]). When both of these are in the regression together
(columns 1 and 2) the rent divided by price has the “wrong’ sign,
possibly reflecting multicollinearity problems. Thus, the rent
divided by price was omitted from the regression reported in
column 3. However. rent divided by price has a positive estimated
coefficient (statistically significant in the excess returns regres-
sions) in regressions with it as the only forecasting-variable for
price. ' _

The  estimated mortgage payment divided by per capita
personal income variable is supposed ‘to be an index of afford-

‘Since there is measurement error in the independent variable, the estimated
coefficient is downwardly biased. Estimates presented in (4] suggest that the
Table 6, regression 1 coefficient of (W*-W®, ) is biased downward by a factor of

0.85; correcting this coefficient with that factor suggests that the true coefiicient
may be closer to 0.37.
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TABLE 7

Regressions of Price Change on Forecasting Variables Dependent
Varable is W. ~W;_,

Regression No. 1 2 (dumymucd) 3 4 S
1 Const -Q\178 -0 —-0.195 -0011 —0.084
1= 1.346) (=072 (— LT641 (—0.293} (—-15n
2 Wi B/ 0197 0.202 — —_
1330 (a3 (1.900}
5 RENT - 0206 -0473 —_ 0353 —_
e, L=0179) (=0.759 0.712)
4 PAYMENT - Q008 U — - -
INCOME L= 0087 (=011%
3 CONCOST/p, o [ 0.10t — 0.00¢
Atlanta 11.708) €0.383 12219 (1.4200
o CONCOST/P, Al L58¢ 0.163 - 0081
Chicago 1033 (34530 12.688) (15
7 CONCOsT/P, 186 0134 0.1621 - o1y
Dallas :1.820) az" (2029 (1.843)
¢ CONCOSTS, o2 (U] 0217 - 0142
San Fran 230N {1933 3.197 (p8J 3,
9 AEMP Y 0082 — — -
) 0347 ©olh '
10 AINCOME o310 029 0.27 —_ —_
(4] 14401 (1570 (1290)
11 ACONCOST -a011 oo — —_ -
ur - 0038 10013
12 AACEPOP o013 0010 0013 - —
! 2000 (L3 (2158
13 AMTR ~0£39 -0.72 -0909 — —
Cat 1585 (=133 (= 1084
14 HTARTYPOP - 10339 —833 - - bl
-0820 (=054
R 03 REYY 0329 0.002 0.163
Nobs LA pa) 9 29 ase

Noter: EXCESS,y, and EXCESS; are from the expressions on page 000 usng WRS, 1+ 1 to 1= 5. Row X:

W, =W, is the lagged change i log price using pace ndex b. EXCESS o is from the expeession on
page 000 usng 1\RS, (i 10 1. Row 3: REXT.P, i the ratio of rcret on homes at time ¢ to the pricc of
homes at 1. RENT. a messure of rent bevels that is valid for comparison across cities. is for each city
equal to RENTINDEX RENTIO/PRICET0. P, is exp{WRS, tthe WRS price index was in logst Row 4:
The varidble LONTENT & cstimated morgage pagment divided by per capta personal income, time
1. Rows % CONCO3T.P. & a construction cost divided by pexce. time 1. Since the construction cost
index s the same for all cities in the base vear by construction. it cannot he used for interity
comparisons. Therefore. the varable for each city appeass mudtiplied by a dummy which is 1.00 only
for that city. Row 9 Perrentagse change in emoloyment, 14 to 1. Row 4C: Porcentage change in real per -
capita income between =3 3ad 1. Row 11: Parcentage change in real construction costs. 4 tp (. Row
12 AAGEPOP is the percentage change in adult population (betwoen ages of 25 and 44) 4 to I Row
13: Percentage change in murginal tax rate i~ to 1. Row 14: Housing starts. total for quarters 1-4
through ¢ divided by population 3t time 1. Sce Table § for sources of data.

‘Tvﬂakﬁc(hpumhcmukcmdwcdlpdobwnmmd&wdaﬂm&kmd
aross-scction time-serics structure of data. Data are quarterly stacting in 1970, fist quarter. Dats end in
1966, second quarter for cach city cxccpt San Franciscn, where data end in 1960, thied quadter. -

The reyeression rcported in column 2 inchuded 25 well city dummics for Atbinta. Chicazo and Daflas.
(Thete coctiicsents aec no: reported heret
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TABLE 8

Regressions of Excess retum A (No Leverage) on Forecasting Variables
Dependent Variable is EXCESS,, from ¢+ 1to t+5

Regression No. 1 2 tdummied) 3 4 5
1 Const 009 0.138 -0.151 *- 000! -0.1M
240} (1.076) {—1.09Y) (—0.730) (= 2169)
1 EXCEss4, 0.181 0.116 0232 — —
(1,949 (1263 (2.256)
3 RENT ~1.87¢ - 12848 — 1657 —
b, 14T (- 1.300) (2403)
4 PAYMENT ~0.303 —0383 -0.184 — —_
INCOME (= 2059} (= 3.184) (— 1.908)
3 CONCOSTIP. 0.157 0.218 0.097 -— 0184
Atlanta (1.709 (1351 . (1318 (2.976)
o CONCOsST/8, 0.108 0357 0.168 - 0201
Chicago (1.838) (1n (1.920} (1309
¢ CONCOST P, 0.247 0280 0.174 — 0188
Dallas 2229 (2353 (1.841) 33}
& CONCO3T/p, 0258 0132 0.243 - 0300
San Fran, el (1.095) (624} 13.628)
¢  AEMP QN0 0.093 — - -
o 10.950) (1.0200
10 AINCOA(E 0238 0.407 0.468 — —
(=Y 23301 (1720 (1.982)
11 ACONCOsST QO3 0022 _ —_ -
(] 033l 10.1591
12 BAGEPOP 0013 0013 0015 — .-
(o 1.779) (1931 (1262
13 AMTR - 0443 -0 "0.913 — —
“at - i.439 (- 1330 (— 13y
14 HTART3/POP -~ 13079 ~3.703 _ —_ -
i=0988) (— 0250}
I 0339 0362 0330 0.109 0.281
Nobs 29 e 19 29 e

Nowes. As Tatie

ability. reflecting the difficulty that people face in carrying a
mortgage. High values indicate that housing costs are out of line
with income. Thus. we expect this variable to-be-negatively
correlated with subsequent price changes. However, it 'was not
significant in the regressions with price change as the dependent
variable. It hasthe expected-negative sign in the regressions with
excess returns as dependent variable, though perhaps just
becduse it is an interest rate-related variable which is ‘correlated
with the interest rate on the alternative asset used:to compute
excess returns.

The change in employment and change in income variables has
the expected positive signs. high values of these indicators of the
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TABLE 9

Regressions of Excess Retum B (Leveraged) on Forecasting Variables
Dependend Variable is EXCESS,, from t+1to t+ S

Regression No. 1 2 (durvrued) 3 : H
1 Coast 218 0.791 -0.Q7 -0378 ~0.964
10.667) (1393) (—0.619) (— 1052 (-2372)
1 W 1340 1020 1.485 —_ —
(1496) (1.985) (1885)
3} RENT - 1192 -~ 10345 — 8072 —_
6, (= 2384) (~ L838) (2476)
& PAYMENT - 1838 -1116 - 1250 — —
INCOME = 3220) (= 4.5001 (=314N
5 CONCOST/P, 0711 1178 0312 —_ 0.884
Atanta 2041) (14701 (0.943) (2964)
6  CONCOST/®, 0817 1631 0.608 —_ 0.900
F <2007 (2043) 1sn (2851
7 CONCOST/P, 13te 1432 0645 —_ 1394
Dallas i1704) (2003) (L4 035N
8 CONCOST/®, 1301 1574 0991 —_ 1452
San Fran. (2.941) i2673) (321 3.645)
9 AEMP 0450 0.634 —_ — —
%) 11335) (1138
10 AINCOME 1963 1366 1.447 — —
%) 52053} (1419 (1.410)
11 ACONCOST -0025 -0.166 - — -
) 1= 0043) (—0288)
12 AAGEPOP 0.056 0072 0.06% — -
%) ‘1.7101 (L084) 100
B3 AMIR — 1988 — 3600 -36U —_ -_—
%) =1379) (- LsD (- La23)
14 HSTARTS/POP ~ %6367 —19.963 —_ —_ —
- 1.160) (~0294)
R ©51S 0640 0s71 0.109 0284
Nobs 299 299 99 299 299
Notes: As Table 7.

strength of the economy portending price increases or high
excess returns. But the former was never statistically significant,
the latter only margmally so.

The change in construétion cost vanable was not statistically
significant. The change in the adult populatlon variable had a
positive sign and was often significant. This variable is related to
but not identical to the one used by Mankiw and Weil in their
widely discussed piece predicting real price declines over the
next two decades [14].

Changes in the marginal income tax rate facing the marginal
buyer is an important variable, but its sign in these equations is
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ambiguous ex ante. First. a decrease in marginal tax rate
actually increases the cost of owning since property taxes and
mortgage interest payments are deductible. But most statutory
changes in marginal personal tax rates are accompanied with
other tax provisions that may change the attractiveness of
owner-occupied housing relative to other assets. For example.
the marginal rate reductions in the 1986 Tax Reform Act were
accompanied by provisions that significantly curtailed the ability
of taxpavers to shelter income with passive losses making
homeownership one of the last commonly available “shelters.”
Similarly, ERTA of 1981 contained lower marginal. rates.and a
host of provisions (ACRS, Safe Harbor Leasing, extension.of.the
ITC. etc.) that changed the relative attractiveness of other assets.
Finally, a cut in marginal rates may have an income effect; as
disposable income increases. so will the demand for housing.

The variable MTR has a negative coefficient and is mildly
significant in all equations. This indicates that the impact of
marginal tax rates on the after-tax cost of housing seems to be
offset by other provisions. There is one other possible reason for
the negative sign. The largest cut in tax rates (1981) took place
at the same moment that interest rates were at extremely high
levels (21% prime in the summer of 1981). These very high
interest rates may have put sharp downward pressure on house
prices at exactly the same moment that ERTA was cutting
marginal rates.

Housing starts divided by population also has the expected
negative sign. High housing starts represent new supply on line
that will tend to depress prices with a lag. However. the housing
starts variable was not significant.

CONCLUSIONS

The results here add weight to the argument that the market
for single-family homes is not efficient. A number of information
variables predict price changes and excess returns to housing
relative to debt over the succeeding year. First. price changes
observed over one year seem to continue for more than one year
in the same direction. Second, the ratio of construction costs to
prices. real per capita income growth. and increases in the adult
population in one year are all positively related to price changes
or excess returns over the subsequent year.
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